Introduction {#s001}
============

A[lthough *Candida albicans*]{.smallcaps} is a regular commensal of the skin, mucosal, and gut flora in susceptible individuals (Iliev and others [@B16]), it also represents the main cause of vaginal, mucocutaneous, and systemic candidiasis. Moreover, disseminated candidiasis has a very high mortality rate in immunocompromised patients with transplantation, chemotherapy, or extensive ICU stay (Yapar [@B34]). To maintain *C. albicans* in its commensal state, the human host defense system should be able to recognize the yeast and activate the immune responses to suppress the uncontrolled growth of the microorganism. This recognition is mediated by pattern recognition receptors (PRRs), which recognize pathogen-associated molecular patterns (PAMPs) of the pathogens with subsequent induction of the activation of host defense. Among the 4 PRR classes, C-type lectin receptors (CLRs) are the most important family of receptors for the recognition of *Candida spp*, mainly because the fungal cell wall is composed predominantly of polysaccharides such as α- and β-mannans (components of mannoproteins), β-glucans, and chitin (Netea and others [@B26]).

Dectin-2 is a CLR mostly present on dendritic cells, macrophages, and neutrophils that has been reported to recognize α-mannan (McGreal and others [@B24]; Saijo and others [@B30]), affording protection against systemic infection with *C. albicans* by inducing Th-17 immune responses (Saijo and others [@B30]). It signals through CARD9, resulting in subsequent NF-κB activation (Bi and others [@B5]). Dectin-2 forms heterodimers with Dectin-3, leading to proinflammatory responses during *C. albicans* infection (Zhu and others [@B37]). In addition to *C. albicans*, Dectin-2 also recognizes *Candida glabrata,* and mice lacking Dectin-2 were less able to secrete Th1 and Th17 cytokines, to produce reactive oxygen species (ROS) and to activate pathways involved in phagocytosis during activation with this pathogen (Ifrim and others [@B15]). Furthermore, Dectin-2 present on alveolar macrophages is involved in triggering airway inflammation mediated by the house dust mite (Clarke and others [@B6]), while on dendritic cells it primes the Th2 responses to this microorganism (Barrett and others [@B1]).

Despite these reports on the function of Dectin-2 for the recognition of fungal pathogens, only limited information is available concerning the role of Dectin-2 for triggering the innate immune responses (such as inflammation, neutrophil/macrophages phagocytosis and killing, etc) during disseminated candidiasis. In this study, we investigate the role of Dectin-2 as a PRR and an essential trigger of host defence in a murine model of systemic candidiasis. Additionally, we assessed whether α-mannans are the main fungal PAMP recognized by Dectin-2 by testing a broad panel of *Candida* cell wall mutants.

Materials and Methods {#s002}
=====================

Generation of Dectin-2^−/−^ mice {#s003}
--------------------------------

Dectin-2^−/−^ mice were generated by Ozgene Pty Ltd, as described previously (Zhang and Lutz [@B36]). Eight- to 12-week-old female Dectin-2^−/−^ (*Clec4n*^−/−^) mice on a C57BL/6J background were obtained from a breeding colony at the Central Animal Laboratory, Radboud University Medical Centre and used for the experiments when they were 20--25 g. Age-matched C57BL/6J female mice were obtained from Charles River Wiga (Sulzfeld, Germany). The animals were fed standard Laboratory Chow (Hope Farms, Woerden, The Netherlands) and water *ad libitum*. The experiments were repeated at least twice with a minimum of 4 animals per time point. All experiments were approved by the Ethics Committee on Animal Experiments of Radboud University Nijmegen.

Candida strains, culture media, and growth conditions {#s004}
-----------------------------------------------------

*C. albicans* ATCC MYA-3573 (UC 820), a strain described in detail elsewhere (Lehrer and Cline [@B20]), was used in all experiments. *Candida* was grown and maintained on Sabouraud dextrose (SD) plates. For inoculum preparation, a single colony was grown in SD broth at 29°C for 24 h, with shaking. Cells were washed twice in sterile phosphate-buffered saline (PBS) and counted using a hemocytometer. Cell density was adjusted with PBS to the desired inoculum level. *Candida* yeast cells were heat-killed for 30 min at 95°C. To generate hyphae, yeast cells were inoculated and grown overnight at 37°C in culture medium adjusted to pH 6.4 with hydrochloric acid. Hyphae were killed by heating at 95°C for 30 min and resuspended in culture medium to a hyphal inoculum size that originated from 1 × 10^8^ colony-forming unit (CFU)/mL.

The *OCH1* and *PMR1* genes were disrupted to generate strains with severe truncations in N- and O-linked mannan that were compared to controls strains in *och1*Δ/*och1*Δ*/OCH1* and *pmr1*Δ/*pmr1*Δ*/PMR1* in which a wild-type copy of the disrupted gene was reintroduced as described (Fonzi and Irwin [@B11]; Bates and others [@B4], [@B3]). The phosphomannan-deficient *mnn4*Δ serotype B null mutant, the parental and its revertant were constructed as described (Hobson and others [@B14]). The *bmt1*Δ (Fabre and others [@B10]), *bmt2*Δ, *bmt5*Δ (Mille and others [@B25]), and *bmt1*Δ*/bmt2*Δ*/bmt5*Δ (Courjol and others [@B7]; Courjol and others [@B8]; Wilson and others [@B33]) β-mannosyl transferase mutants were constructed as previously described.

*C. albicans* infection model and fungal burden {#s005}
-----------------------------------------------

Wild-type and Dectin-2^−/−^ mice were injected via the lateral tail vein with *Candida* (2.5 × 10^5^ CFU per mouse) in a 100 μL volume of sterile pyrogen-free PBS. Mice were monitored daily. For survival studies, groups of 10 mice were followed up for a period of 28 days. For immunological and histological studies, a nonlethal experimental model of disseminated candidiasis was used, in which animals were injected with 1 × 10^5^ CFU per mouse via the lateral tail vein. This lower dose of *Candida* was used to avoid a bias induced by differential mortality at various time points (Netea and others [@B28]). Subgroups of 4 animals were sacrificed on day 3, 7, 14, or 28 after infection. Tissues were collected and processed for fungal burden and cytokine analysis. To assess the tissue outgrowth of *Candida*, the liver and kidneys were removed aseptically, weighed, and homogenized in sterile PBS in a tissue grinder. The number of viable *Candida* cells in the tissues was determined by plating serial dilutions on SD agar plates, as described elsewhere (Kullberg and others [@B19]). The CFUs were counted after 24 h of incubation at 29°C and expressed as log CFUs per gram of tissue.

Histopathology {#s006}
--------------

Kidney samples from wild-type and infected mice were kept in formaldehyde until processed. Sections were dehydrated with xylene, rehydrated through a graded series of ethanol solutions, and stained with hematoxylin and eosin or periodic acid-Schiff using conventional staining methods. All individual segments were evaluated for the presence and intensity of inflammation, and for the presence of fungi. Tissue sections were analyzed with a VisionTek™ digital microscope (Sakura, Japan), using VisionTek Live software.

In vitro cytokine production {#s007}
----------------------------

Peritoneal macrophages were isolated from mice by injecting 5 mL of ice-cold sterile PBS (pH 7.4) into the peritoneal cavity. After centrifugation and washing, cells were resuspended in RPMI-1640 culture medium containing 1 mM pyruvate, 2 mM L-glutamine, and 50 mg/L gentamicin. Cells were counted using a Z1 Coulter Particle Counter (Beckman Coulter, Woerden, The Netherlands), adjusted to 1 × 10^6^ cells/mL and cultured in 96-well round-bottom microtiter plates (Costar, Corning, The Netherlands) at 1 × 10^5^ cells/well, in a final volume of 200 μL. After 24 h of incubation with different stimuli at 37°C and 5% CO~2~, the plates were centrifuged at 1,400 *g* for 8 min, and the supernatants were collected and stored at −80°C until cytokine assays were performed.

Spleen cells were isolated by gently passing spleens through a sterile 200 μm filter chamber. After washing with sterile PBS and centrifugation at 4°C (1,200 rpm for 5 min), cells were resuspended in 2 mL RPMI-1640 in the presence of 20% fetal calf serum (FCS), counted, and concentrations were adjusted to 1 × 10^7^ cells/mL. Cells were cultured in 24-wells plates (Greiner, Alphen a/d Rijn, The Netherlands) at 5 × 10^6^ cells/well, and different stimuli were added in a final volume of 1,000 μL. Supernatants were collected at 2 different time points (depending on the cytokine) as follows: after 48 h of incubation at 37°C and 5% CO~2~, 500 μL supernatant per well were collected and stored at −80°C until cytokine assays were performed; thereafter, the plates were further incubated at 37°C and 5% CO~2~ for 3 more days. Ultimately, the plates were centrifuged at 1,400 *g* for 8 min, and the remaining supernatants were collected and stored at −80°C until cytokine assays were performed. Concentrations of mouse TNFα, IL-1α, and IL-1β were determined by specific radioimmunoassay. Mouse IL-6, KC, IL-17, IFNγ, IL-22, and IL-10 concentrations were measured by commercial ELISA kits (BioSource, Camarillo, CA), according to the instructions of the manufacturer.

Leukocyte recruitment {#s008}
---------------------

Wild-type and Dectin-2^−/−^ mice were injected with 100 μL of 1 × 10^5^ heat-killed *Candida* per mouse, intraperitoneally. After 4 h cells were recruited from the peritoneum and 50 μL of cell suspension (1 × 10^6^ cells per mL) was centrifuged in a cytospin at 500 rpm for 10 min. The cells were stained with May-Grünwald Giemsa, observed and counted under the microscope.

Phagocytosis and killing of C. albicans {#s009}
---------------------------------------

Peritoneal macrophages were recruited and phagocytosis and killing assays were performed as described elsewhere (Kullberg and others [@B18]; Ifrim and others [@B15]).

Ethics statement {#s010}
----------------

All experiments in this study were carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health, the Dutch law on Animal experiments, and FELASA regulations. The protocol was approved by the Ethics Committee on Animal Experiments of the Radboud University Medical Centre. All efforts were made to minimize suffering of the animals.

Statistical analysis {#s011}
--------------------

Differences in phagocytosis, intracellular killing, and cytokine production were analyzed using the Mann--Whitney *U*-test. Survival data were analyzed using the Kaplan--Meyer log rank test. Differences were considered significant at *P* \< 0.05. The experiments were performed at least twice. At least 4 mice per group per time point were used for the outgrowth, phagocytosis, killing, and cytokine synthesis. Ten mice/group entered the survival experiment, which was repeated 2 more times. Data are presented as mean ± SEM.

Results {#s012}
=======

Dectin-2^−/−^ mice are more susceptible to systemic infection with C. albicans {#s013}
------------------------------------------------------------------------------

A lethal dose of *Candida* was intravenously injected in wild-type and Dectin-2^−/−^ mice, which were thereafter monitored for 28 days. Dectin-2^−/−^ mice had significantly lower survival than wild-type mice ([Fig. 1](#f1){ref-type="fig"}). On day 3, 7, and 14 postinfection, organs of infected mice were isolated and CFU were counted. Interestingly, slightly fewer colonies were isolated from the livers of Dectin-2^−/−^ mice than of the wild-type mice at the early time points; however, both groups of mice were able to reduce the fungal burden in the liver ([Fig. 2A](#f2){ref-type="fig"}). On the other hand, 100-fold more *Candida* colonies were found in the kidneys of Dectin-2^−/−^ mice than of wild-type mice at late time points postinfection ([Fig. 2B](#f2){ref-type="fig"}), which most likely is the cause of the increased mortality in the deficient mice.

![Dectin-2^−/−^ mice are more susceptible to *Candida albicans* systemic infection. Survival curves of C57BL/6J wild-type (*n* = 20, *continuous line*) and Dectin-2^−/−^ (*n* = 19, *interrupted line*) mice after intravenous injection with live *C. albicans* UC820 (2.5 × 10^5^ cells/mouse). \**P* = 0.012 by logrank test.](fig-1){#f1}

![*Candida* outgrowth in the liver and kidneys of mice during systemic infection. *Candida* colony-forming units (CFUs) from liver **(A)** and kidneys **(B)** from wild-type and Dectin-2^−/−^ mice at day 3, 7, and 14 postinfection. Wild-type and Dectin-2^−/−^ mice received 1 × 10^5^ CFU live *C. albicans* (per mouse), intravenously. Results are presented as mean ± SEM (*n* = 9--12 mice per group from 3 independent experiments). Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001. Histopathological assessment of kidneys on day 14 in uninfected Dectin-2^−/−^ **(C,** 100×**)**, infected wild-type **(D,**2.5×**)**, infected Dectin-2^−/−^ **(E,** 2.5×**)** (hematoxylin and eosin-stained sections) and infected Dectin-2^−/−^ **(F,**200×, and **G,** 400×**)** mice (periodic acid--Schiff-stained sections). Representative localized lesions and *C. albicans* colonies are shown in the kidneys of Dectin-2^−/−^ mice **(D, E)**. The dimension of inflammatory foci is represented in **(H)**. A minimum of 20 foci were measured in at least 7 different kidneys. Results are mean ± SEM (*n* = 4 mice per group) from 2 independent experiments. Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \*\*\**P* \< 0.001.](fig-2){#f2}

This observation was further underlined by histological examination of the kidneys of Dectin-2^−/−^ mice, which developed inflammatory foci that were significantly larger than in wild-type mice ([Fig. 2C--E, H](#f2){ref-type="fig"}). The foci consist mainly of lymphocytes with sporadic neutrophils ([Fig. 2F, G](#f2){ref-type="fig"}), suggesting chronic inflammation, similar to systemic infection caused by *C. glabrata* (Ifrim and others [@B15]). These results indicate that Dectin-2 is very important in the clearance of *Candida* predominantly from the kidneys, the target organ of disseminated candidiasis in mice.

The impact of Dectin-2 deficiency on cytokine production capacity {#s014}
-----------------------------------------------------------------

For a greater understanding of immunological responses during systemic candidiasis in Dectin-2-deficient mice, we analyzed the cytokine production capacity during the course of infection with *C*. *albicans*. Interestingly, on day 3 and 7 the production of proinflammatory cytokines (TNFα, IL-6, IL-1α, and IL-1β) by macrophages of Dectin-2^−/−^ mice were significantly lower than in wild-type mice ([Fig. 3A](#f3){ref-type="fig"}), which may represent an important cause of decreased resistance to the pathogen. On the contrary, on days 14 and 28 the production of proinflammatory cytokines in the knockout mice recovered, but this is most likely due to the increase of fungal burdens at these late time points ([Fig. 3A](#f3){ref-type="fig"}).

![Cytokine profile during systemic infection with *C. albicans.* Wild-type or Dectin-2^−/−^ mice received 1 × 10^5^ CFU heat-killed *C. albicans* per mouse, intravenously. After 3, 7, 14, and 28 days, peritoneal macrophages **(A)** were restimulated *ex vivo* with heat-killed *C. albicans* hyphae (*Ca*) for 24 h. TNFα, IL-6, and KC accumulation in the supernatants and IL-1α and IL-1β accumulation inside the cells was measured by ELISA. Results are mean ± SEM (*n* = 8 mice per group) from 2 independent experiments. Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \**P* \< 0.001; \*\**P* \< 0.01. Wild-type or Dectin-2^−/−^ mice received 1 × 10^5^ CFU live *C. albicans* per mouse, intravenously. After 3, 7, 14, and 28 days, splenocytes **(B)** were restimulated *ex vivo* with heat-killed *Ca* for 48 h and 5 days. TNFα, IL-10, IFNγ (48 h), IL-17, and IL-22 (5 days) accumulation in the supernatants was measured by ELISA. Results are mean ± SEM (*n* = 8 mice per group) from 2 independent experiments. Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \**P* \< 0.05.](fig-3){#f3}

We next analyzed the splenocyte-derived cytokines from mice with systemic candidiasis. Surprisingly, the production of TNFα, IL-17, and IL-22 were moderately elevated from the splenocytes of knockout mice, particularly at day 3 postinfection ([Fig. 3B](#f3){ref-type="fig"}), while mostly leveling up during the late course of infection ([Fig. 3B](#f3){ref-type="fig"}). Interestingly, the production of the anti-inflammatory cytokine IL-10 was significantly decreased in Dectin-2^−/−^ mice at day 28 after infection ([Fig. 3B](#f3){ref-type="fig"}).

The role of mannans for C. albicans recognition by Dectin-2 {#s015}
-----------------------------------------------------------

To assess whether mannans are the ligands for Dectin-2, as previously suggested in the literature (McGreal and others [@B24]; Saijo and others [@B30]), we screened several α- and β-mannan mutants for their ability to stimulate cytokine production by peritoneal macrophages and splenocytes from Dectin-2^−/−^ mice and wild-type controls. The macrophages from wild-type mice responded with normal production of TNFα, IL-6, KC, IL-1α, and IL-1β when stimulated with the majority of the *C. albicans* mutants ([Fig. 4A](#f4){ref-type="fig"}). Interestingly, the triple mutant lacking β-mannan, *bmt1*Δ*/bmt2*Δ*/bmt5*Δ, induced significantly higher amounts of IL-6 and KC than its parental strain *C. albicans* CAI4-CIP10. A similar effect was observed for KC when peritoneal macrophages were stimulated with different concentrations of bmt1Δ/bmt2Δ/bmt5Δ *Candida* mutant ([Supplementary Fig. S1](#SD1){ref-type="supplementary-material"}; Supplementary Data are available online at [www.liebertpub.com/jir](www.liebertpub.com/jir)). *Candida* hyphae and *och1*Δ mutant induced significant amounts of TNFα, IL-1α, and IL-1β in macrophages ([Fig. 4A](#f4){ref-type="fig"}). Likewise, all mutants induced TNFα, IL-17 and IL-22 in splenocytes from wild-type mice, while IFNγ and IL-10 production is very low ([Fig. 4B](#f4){ref-type="fig"}).

![Stimulation of cells isolated from wild-type mice with *C. albicans* mutants. *C. albicans* mutants lacking *O-* and *N-*linked, α- and β-mannan were screened for their capacity to induce cytokines in wild-type peritoneal macrophages **(A)** and splenocytes **(B)** from naïve mice. Values represent mean ± SEM (*n* = 8 mice per group, 2 independent experiments). Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001. Ca hy, *C. albicans* hyphae heat-killed; Ca y, *C. albicans* yeast heat-killed. The control strain NGY152, was derived from CAI-4, which is the parental Ura-auxotrophic strain of all mutants analyzed, and was created by reintegration of a copy of *URA3* gene at the *RPS1* locus.](fig-4){#f4}

Peritoneal macrophages from naïve Dectin-2^−/−^ mice stimulated with *C. albicans* mutants produced, in general, lower amounts of cytokines than wild-type mice ([Fig. 5A](#f5){ref-type="fig"}). Moreover, the triple mutant *bmt1*Δ*/bmt2*Δ*/bmt5*Δ did not induce more cytokines (in particular IL-6 and KC) than other mutants ([Fig. 5A](#f5){ref-type="fig"}), suggesting that α-mannan ligands are better accessible for recognition by cellular receptors on macrophages, as the triple mutant only lacks β-mannosides at the terminal end of α-mannosides and phosphomannose on mannan and on phospholipomannan. Therefore, the lack of β-mannosides at the terminal end of α-mannosides suggests that α-mannans are still present on *Candida* triple mutant and, furthermore, are more exposed on *Candida* cells as they are no more hidden by β-mannosides.

![Stimulation of cells isolated from Dectin-2^−/−^ mice with *C. albicans* mutants. *C. albicans* mutants lacking *O-*, *N-*, α-, and β-mannan were screened for their capacity to induce cytokines in Dectin-2^−/−^ peritoneal macrophages **(A)** and splenocytes **(B)** from naïve mice. Values represent mean ± SEM (*n* = 8 mice per group, 2 independent experiments). Significance was determined with Mann--Whitney *U*-test. Statistically different groups are indicated as \**P* \< 0.05; \*\**P* \< 0.01; \*\*\**P* \< 0.001.](fig-5){#f5}

Decreased neutrophil recruitment at the site of infection in Dectin-2^−/−^ mice {#s016}
-------------------------------------------------------------------------------

Since neutrophils and monocytes are essential during fungal invasion, we investigated leukocyte recruitment after *Candida* injection into the peritoneal cavity of both Dectin-2^−/−^ and wild-type mice. The recruitment of neutrophils was decreased in knockout mice ([Fig. 6A](#f6){ref-type="fig"}), while no differences in the recruitment of other leukocyte populations were observed. This observation, in combination with our finding of an increased level of the neutrophil chemokine KC in Dectin-2 knockout macrophages, suggests that Dectin-2 might be important for the neutrophil response to KC.

![The role of Dectin-2 for leukocyte antifungal biological properties. Leukocyte recruitment in the peritoneum **(A)** wild-type and Dectin-2^−/−^ mice were injected with 100 μL of 1 × 10^5^ heat-killed *C. albicans* per mouse, intraperitoneally. After 4 h, cells were recruited, stained with May-Grünwald Giemsa, and counted under the microscope. Phagocytosis and killing of *C. albicans* cells by murine peritoneal macrophages **(B)**. The results are represented as percentage of phagocytosis (the percentage of fungal cells engulfed by macrophages present in the well) and percentage of killing (the percentage of killed fungal cells among the phagocytosed yeast). The *C. albicans*/macrophage ratio was 10:1. Values represent mean ± SEM (*n* = 5 mice per group) \**P* \< 0.05.](fig-6){#f6}

Phagocytosis and killing of *Candida* by Dectin-2^−/−^ macrophages {#s017}
------------------------------------------------------------------

Since a number of CLRs are involved in the engulfment and phagocytosis of fungi, we investigated the phagocytic capacity of peritoneal macrophages from Dectin-2 knockout mice. We consistently found a slightly reduced phagocytosis of *Candida* by the macrophages from Dectin-2^−/−^ compared to the wild-type macrophages ([Fig. 6B](#f6){ref-type="fig"}), suggesting a role of Dectin-2 in engulfment of pathogen. The killing capacity, corrected for the decrease in phagocytosis, was not significantly decreased in macrophages of the knockout animals ([Fig. 6B](#f6){ref-type="fig"}).

Discussion {#s018}
==========

Our results demonstrate that mice lacking Dectin-2 are more susceptible to systemic *C. albicans* infection, and we describe the altered host defense mechanisms that are responsible for this effect. The knockout mice exhibit diminished neutrophil recruitment into the peritoneal cavity, slightly decreased phagocytosis of *Candida,* and larger inflammatory foci mostly devoid of neutrophils due to a higher fungal burden in the infected kidneys. We found that the macrophages production was lower for the majority of proinflammatory cytokines (with the exception of KC), which may represent the cause of these effects.

Our findings regarding an increased susceptibility of Dectin-2^−/−^ mice to *C. albicans* corroborate with those of Saijo and others ([@B30]), who demonstrated similar survival curves of Dectin-2 knockout mice challenged with *C. albicans*. In addition, these findings are in line with the increased susceptibility of Dectin-2 deficient mice to *C. glabrata* (Ifrim and others [@B15]). Macrophage-derived proinflammatory cytokines such as TNFα, IL-1, KC, or IL-6 activate the recruitment, phagocytosis, and killing of fungi, and mice deficient in these cytokines are more susceptible to systemic candidiasis (Basu and others [@B2]; Gorjestani and others [@B12]). Interestingly, with the exception of KC, significant defects in the production of these cytokines were observed in cells isolated from *Candida*-challenged Dectin-2^−/−^ mice in our study. Saijo and others previously reported a much more dramatic decrease in cytokine production compared with the data reported here, i.e., nondetectable IL-6, TNFα, IL-1β, and IL-10 after exposure of mononuclear phagocytes to *Candida* yeasts and very low production after exposure of Dectin-2 knockout cells to hyphae. Our data show more moderate effects, which is in line with the well-known redundancy in the various PRRs responsible for the recognition of *Candida spp* (Gow and others [@B13]). Interestingly, the enhanced number of *Candida* colonies in the kidneys of Dectin-2^−/−^ mice correlated with enhanced proinflammatory cytokines at early time points during infection, while at late phases the synthesis of anti-inflammatory cytokines such as IL-10 became increased, most likely due to its role in the downregulation of inflammation. The fact that IL-10 production is downregulated in Dectin-2^−/−^ mice at day 28 suggests that Dectin-2 might also be important for the induction of anti-inflammatory cytokines.

Even a greater disparity with the findings of Saijo and others ([@B30]) was found with regard to cytokine production by splenocytes. At day 14 of infection, a significant amount of IL-17 was produced by splenocytes of Dectin-2^−/−^ mice, demonstrating that the Th17 differentiation in these mice is functional. However, even though we do not exclude other (innate) cell types as source for IL-17, earlier studies of our group showed CD4^+^ is the main IL-17 producer in splenocytes (van de Veerdonk and others [@B32]). The increased production of cytokines by splenocytes of Dectin-2^−/−^ mice at certain time points after infection is most likely due to the higher antigen burden in the organs of the knockout mice. This is also discrepant with the findings of Saijo and others, and the cause of these differences remains to be investigated. One likely explanation may be represented by differences between various *C. albicans* strains: such differences have been earlier reported to cause differential effects of various strains for the recognition of TLR4 (Netea and others [@B27]; Marakalala and others [@B23]) and Dectin-1 (Marakalala and others [@B23]).

The coordinated induction of proinflammatory cytokines is important for activating multiple host defense mechanisms against fungi, including leukocyte recruitment at the site of infection, phagocytosis, and killing of the pathogen. Neutrophils are the first immune cells to migrate to the site of infection and they play a significant role in pathogen elimination through phagocytosis and killing of the microorganisms. We observed that the influx of neutrophils was decreased in the knockout mice, despite relative normal concentrations of the chemoattractant cytokine KC at early stages of infection, pointing to a role of Dectin-2 in the chemotactic response of neutrophils. However, the lack of KC production by the macrophages collected at day 28 after infection is very interesting as KC is a chemokine that induces recruitment of, mainly, neutrophils. As neutrophils characterize early infiltrates, while later on mostly monocyte-derived macrophages are attracted to the site of infection, it is tempting to speculate that this is an active regulation of different chemokine synthesis dependent on the phase of infection.

Peritoneal macrophages lacking Dectin-2 were slightly less able to ingest the pathogen, while the killing of *Candida* was not affected. Phagocytosis is the main mechanism through which immune cells engulf and clear pathogens or cell debris. The latter observation of normal *Candida* killing by Dectin-2^−/−^ cells is remarkable, since we have previously shown that Dectin-2^−/−^ neutrophils produce less ROS upon stimulation (Ifrim and others [@B15]), and ROS plays a significant role in *Candida* killing (Drewniak and others [@B9]). Drewniak and others ([@B9]) showed that human CARD9 deficiency resulted in selective defect in the host defense against invasive fungal infection caused by an impaired phagocyte killing; this suggest that CARD9-dependent CLRs other than Dectin-2 are also important for *Candida* killing.

The increased susceptibility of Dectin-2^−/−^ mice to *C. albicans* strain UC820 is suggested to be due to their incapacity to eliminate the fungus from the kidneys, the target organ of disseminated candidiasis (Spellberg and others [@B31]). The fact that the animals were able to eradicate *Candida* from the liver but not kidney confirms previous data related to organ-specific *Candida* infection and immune responses mediated primarily by neutrophils and monocytes (Lionakis and others [@B22]; Lionakis and others [@B21]; Ngo and others [@B29]). At later time points than the 14 days assessed here it has been shown that the mice that survive completely clear the remaining *Candida*. The ultimate pathways responsible for the increased susceptibility of Dectin-2^−/−^ mice to systemic candidiasis is most likely due to the combination of defective cytokine production, reduced neutrophil recruitment, and impaired phagocytosis of the fungus.

α-mannans have been previously suggested to be the main fungal PAMP recognized by Dectin-2 (Saijo and others [@B30]). Furthermore, Dectin-2 binds to the terminal mannose of *N*-linked glycans (McGreal and others [@B24]) and recognizes mycobacterial mannose-capped lipoarabinomannan (Yonekawa and others [@B35]), and *O*-linked mannobiose-rich glycoproteins (α-1,2-linked mannose) from *Malassezia* (Ishikawa and others [@B17]). Considering these studies, we were surprised to observe that mutant *C. albicans* strains with defects in α-mannans induced largely intact cytokine amounts. However, the β-mannan-defective strains induced less cytokines in macrophages from Dectin-2^−/−^ mice compared with the wild-type animals. Interestingly, *och1*Δ and *pmr1*Δ *also* induced slightly lower Th-derived cytokines in splenocytes of wild-type and Dectin-2^−/−^ mice compared to the other strains of the fungus. Finally, the triple mutant lacking β-mannan and therefore exposing α-mannan, *bmt1*Δ*/bmt2*Δ*/bmt5*Δ, induced significantly higher amounts of IL-6 and KC than its parental strain *C. albicans* CAI4-CIP10, confirming that, indeed, *C. albicans* α-mannan ligands are better accessible for recognition by cellular receptors on macrophages. Moreover*, bmt1*Δ*/bmt2*Δ*/bmt5*Δ did not induce more cytokines than other mutants in the Dectin-2^−/−^ cells, suggesting that these exposed α-mannan ligands interact with Dectin-2.

In conclusion, we demonstrate that Dectin-2 is an important component of the anti-*Candida* host immune responses. However, the extent of immune responses triggered by Dectin-2 during systemic candidiasis may vary depending not only on *Candida* species, but also on the strain of *Candida*. Deciphering the precise mechanisms responsible for host defense against the different *C. albicans* strains represents an important step in understanding the pathophysiology of systemic candidiasis. Furthermore, revealing the exact Dectin-2 ligand(s) important for induction of antifungal host defense mechanisms could lead to the development of novel immunotherapeutic strategies and possible vaccine development.
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